Measurements of osmotic equilibrium of colloidal solutions, ranging from 170,000 to 20,000 in molecular weight, show that the negative buoyancy of the solute molecules is additive to the osmotic pressure. Seen together with earlier measurements of positive buoyancy of oil suspensions, these data confirm that the osmotic interaction between solute and solvent at equilibrium is purely a force-coupling at the free surface.
It was demonstrated (1, 2) that the osmotic solute-solvent interaction in certain colloidal suspensions responded to magnetic and gravitational forces. Thus, when a magnet was lowered over a ferro magnetic solution the osmotic pressure increased, but went to zero when the magnet approached from below. Similarly, when colloidal suspensions with a protected but unrestrained surface were inverted, the interaction decreased with light colloids but increased with heavy ones. The site of interaction is the free surface, not the membrane, and the impact of the solute molecules against the free surface is balanced by the lowering of the hydrostatic pressure of the solvent. The magnetic and buoyancy vectors become simply additive to the thermal dispersal pressure. Without access to the free surface there is no demonstrable osmotic interaction with the solvent at equilibrium (3).
In the present investigation, we have applied the buoyancy technique to colloidal solutions, ranging from 170,000 to 20,000 in molecular weight. The technique has been described in detail (2) , but required a 50-cm tall osmometer in order to get a useful buoyancy reading.
A dialyzing membrane with a rated cut-off point of about 12,000 was stretch mounted (4) at the bottom of an osmometer, which could be rotated on a horizontal axis coplanar with the surface of the solution. Finding the balancing pressures in a 3% dextran solution of molecular weight 70,000. The osmotic difference due to buoyancy reads 12 mm in our 2 X 50 cm column. U is upright position, n is inverted. 301 of water. The osmotic balancing point was read by microscope in a capillary mounted level with the surface, and the negative solvent pressure was read on a parallax-free water manometer. The point of this arrangement is that one may study the effect of gravity simply by reversing its direction relative to the membrane and the free surface. The procedure consists in following the osmotic balance alternately through upright and inverted positions, each lasting 10 min or more.
Nine different colloidal solutions were used namely, bovine albumin (5%), polyvinyl pyrrolidone [molecular weight 170,000] (2%), dextran [molecular weight 20,000] (3 and 4%), and dextran [molecular weight 70,000] (2, 3, 3, 4, and 5%). The osmotic pressures ranged from some 10 to 50 cm of water.
In Fig. 1 is given an example of one experiment. It will be seen that the osmotic difference between upright and inverted position may be estimated at 12 1 1 mm of water, which is superimposed on a total pressure of around 300 mm. If the balancing pressures are offset by a few millimeters, there is an immediate slow drift of the meniscus, i.e., filtration.
From previous studies on magnetic and oil suspensions Physics: Perez and Scholander (1, 2) , one would anticipate a near one-to-one relation between the buoyancy of the solute and its effect on the osmotic pressure. We have, therefore, measured the buoyancy directly, as follows: about 10 cm8 of each solution was transferred to a plastic bag that was heat-sealed without air bubbles and then weighed in air. The bag was suspended from a 10-,Am tungsten wire and weighed in water. Blank corrections were made for the bag alone, and the buoyancy of the solution (i.e., of the solute molecules) was calculated. This was recalculated in terms of milligram sinking (or floating) of a 100-cm tall column, which was finally expressed as millimeters of water. Likewise, all osmotic values read on the manometer as millimeters of water have been normalized to a 100-cm column. If the solute-solvent interaction were a simple force coupling at the free surface, one would expect the gravimetric buoyancy to match the osmotic difference, irrespective of the total pressure.
In Fig. 2 are given new data on heavy solutes together with previous data from oil suspensions. We find again that there is, indeed, a near match between buoyancy and osmotic effect.
The main conclusion to be derived from these experiments is that there is a direct causal relation between the osmotic difference and the molecular buoyancy, i.e., that the osmotic interaction between solute and solvent at equilibrium is uniquely a force-coupling at the free surface. Generalizing from the classical studies of Brownian motion by Perrin (5) , it is reasonable to surmise that our conclusion can be extrapolated to osmotic units from oil suspensions down to hydrated ions. We have already demonstrated that at equilibrium, such a force-coupling is, indeed, the essence of water relations in matrices like sand, xylem, or gels (3).
